Tilt Instability in Field-Reversed Configurations by H. "Ohtani et al.
§13. Tilt Instability in Field-Reversed 
Configu rations 
Ohtani, H., Horiuchi, R., Sato, T. (Earth Simulator) 
Two-dimensional (2D) simulation has disclosed the 
kinetic equilibrium with the hollow current profile is 
spontaneously generated in the field-reversed configura-
tion (FRC).1) In this paper, we examine the stability 
against the tilt mode in the kinetic equilibrium based on 
the results of 3D EM particle simulation. In the 3D sim-
ulation, the kinetic equilibrium solution obtained from 
2D simulation after the profile relaxation (at Wei t = Trr) 
is adopted as the initial condition. 
We calculate the growth rate of the tilt mode rtilt 
from 3D simulation. There are several parameters which 
are related to the stabilization of the tilt mode. For in-
stance, the hollowness parameter D, the Alfven Mach 
number MA, the plasma beta value /3, and the FLR pa-
rameter s. We discuss the relationship between rtilt and 
these parameters here. 
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Fig. 1: Dependence of the growth rate rtilt/rMHD of the 
tilt instability on the electron hollowness parameter De. 
We display the relationship between rtilt normal-
ized by the MHD growth rate rMHD and the electron 
hollowness parameter De in Fig. 1. It is worthly of no-
tice that the tilt growth rate is remarkably reduced when 
electron current profile is hollow (De> 0). 
Figure 2 indicates the dependence of rtilt / r M H D on 
the Mach number MA of the toroidal flow, where MA is 
the ratio of the ion toroidal flow velocity at the field-null 
line to the Alfven velocity. In the MHD simulation,2) 
the tilt mode is stabilized due to the spin stabilization 
effect when MA > 1. In this particle simulation, on 
the other hand, the tilt stabilization becomes visible in 
the region of MA ~ 0.5. Therefore this stabilization 
is not explained directly by the MHD effect. The tilt 
growth rate rtilt tends to reduce when s decreases and 
MA increases. Because the dependence of rtilt on MA 
is not simple, however, it is not evident whether the ion 
toroidal motion contributes to the tilt stabilization. 
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Fig. 2: Dependence of the growth rate rtilt/rMHD of the 
tilt instability on the Alfven Mach number M A . 
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Fig. 3: Dependence of the growth rate rtilt/rMHD of the 
tilt instability on the plasma beta value /3. 
Figure 3 shows the dependence of rtilt/rMHD on 
the plasma beta value /3sp at the separatrix. The tilt 
growth rate rtilt tends to decrease as /3sp increases in the 
same way as the result by Nishimura et al. 3 ) Their result 
suggests that the anchoring ions can play an important 
role in the tilt stabilization. However, it is not obvious 
that they have a dominant effect on the stabilization 
because rtilt shows a complex dependence on /3sp in th~ 
present simulation. 
These results lead us to the conclusion that the tilt 
mode tends to be stabilized in the case of the hollow cur-
rent profile. From the investigation into the relationship 
between the tilt growth rate and several parameters, we 
find that the electron hollowness parameter is an impor-
tant key to solving the problem of the tilt stabilization. 
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